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COATING COMPOSITION HAVING IMPROVED ADHESION TO SUBSTRATE 

The current invention relates to a coating composition comprising 
polyacetoacetate and crossl inker for said polyacetoacetate. 

Coating compositions of this type are generally known from, for 
example, US-A-3668183, "Polyenamine Coatings: I. Formulation of 
Coatings and Determination of Film Properties", K.L. Hoy and C.H. 
Carder. Journal of Paint Technology , Vol. 46, No. 591, April 1974, 
pages 70-75, and "Polyenamine Coatings: II. Chemical Methods o.f 
Improving Film Properties", C.H. Carder and H.O. Colomb, Jr., Journal 
of Paint Technology , Vol. 46, No. 591, April 1974, pages 76-78, 
referred to respectively as "Polyenamine Coatings I" and "Polyenamine 
Coatings II". Such coating compositions, when properly formulated and 
applied to a substrate, form a coating having highly desirable 
properties, such as hardness, flexibility and toughness. There is, 
however, a continuing difficulty in that such coatings frequently do 
not adequately adhere to the substrate on which they are applied. 

US-A-3668183 generally discloses the production of polyenamine resins 
by the reaction of polyacetoacetates with blocked polyamines. Also 
disclosed there is the possible use of a silicone component in the 
polyacetoacetate end cap to improve acid resistance. 

W0-A-94/21738 discloses a crosslinkable liquid carrier-based coating 
composition comprising organic polymer(s) having acetoacetyl group 
functionality, a polyamine compound(s) having at least two 
acetoacetyl -reactive amino groups per molecule and a non-polymeric 
monoacetoacetyl compound (s) selected from a specific group of such 
compounds. The ratio of acetoacetyl groups of the acetoacetyl 
functional polymer (s) to the number of acetoacetyl -reactive amino 
groups of the polyamine compound(s) is between 0.5/1 and 2/1. The 
particularly preferred ratio is at or very near to 1. 
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In EP-A-199087, a coating composition is disclosed comprising a 
polyacetoacetate and a blocked polyamine crosslinker. The blocked 
polyamine and the polyacetoacetate are present in an amount such that 
the ratio of the number equivalents of primary and secondary amino 
5 groups of the polyamine to the number of equivalents of acetoacetate 
of the pol acetoacetate is between h and 2. The polyacetoacetate has a 
number average molecular weight (Mn) of 1000-100,000. 

In EP-A-417824 a polyacetoacetate with a molecular weight Mn between 
10 200 and 1000 is disclosed. This polyacetoacetate is used as a 
crosslinker for amine-functional polymers. EP-A-417824 teaches use of 
an equi molar ratio of polymer and crossl inking agent. 

The current invention provides a coating composition of the above- 
15 described type which, when cured, has a highly improved adhesion to 
the substrate. Other advantages include highly desirable cure-to-pot 
life ratio and corrosion-resistance properties. Further, it is 
possible to formulate the current compositions with low volatile 
9n organic content. Still further, the coating compositions herein 
disclosed are especially useful in the production of a multi-layer 
coating system, in particular for metal substrates, more particularly 
aluminum substrates, and more particularly, for aluminium for 
aircraft. In multi-layer coating systems, the coating compositions of 
the current invention are especially useful as the primer, and 
25 particular, primers which are free, or substantially free, of chromate 
pigment. As used herein, "primer- means any coating layer in d!rect 
contact with the substrate, after optional cleaning, conversion 
coating and/or other pre-treatment of the substrate. 

30 The coating composition of the instant invention comprises (a) 
polyacetoacetate having acetoacetate groups and (b) crosslinker for 
said polyacetoacetate wherein said crosslinker is present in a amount 
insufficient to crosslink all acetoacetate groups of the 
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polyacetpacetate. Accordingly, generally the ratio of acetoacetate 
groups to groups capable of crossl inking with acetoacetate groups is 
> 1, preferably about 1.1 to about 2, and most preferably about 1.15 
to about 1.5. 

In another embodiment the coating composition further comprises an 
organosilane. 

The coating composition of the invention is further characterized in 
that the organosilane may be of the following general formula 

[Z-(-R-) x -] a -Si-(R') b 
I 

(R") c 

wherein 

Z 1s an amino group, an ami no-containing group, an epoxy group, an 
epoxy-containing group, a mercapto group, a mercapto-containing 
group, a vinyl group, a vinyl -containing group, an isocyanate 
group, an isocyanate-containing group, an ureido group, an 
urei do-containing group, an imidazole group or an imidazole- 
containing group, 

R is an aliphatic, alicylic or aromatic group, 

R' is an alkoxy group or alkoxyalkoxy groups, 

R" is an alkyl group having 1 to about 8 carbon atoms, 

x is 0 to about 20, 



a is 0 to 3, preferably 0 to 2, 
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bis -1 to 4, preferably 1 to 3, 

c is 0 to 3, and preferably 0 to 2, and 

the sum of a + b + c is 4. 

Preferred organosilanes are ami nosi lanes, epoxysilanes, 
mercaptosi 1 anes , vi nyl si 1 anes , urei dosi 1 anes , i mi dazol si 1 anes and 
isocyanatosi lanes. 

Polyacetoacetates are acetoacetate-functional compounds having at 
least two acetatoacetate groups. Polyacetoacetates are well known in 
the art, for example as demonstrated in the already mentioned 
US-A-3668183, US-A-5021537, "Polyenamine Coatings I" and "Polyenamine 
Coatings II". They can be described as the partial or complete 
acetoacetylation product of a monomeric polyalcohol having at least 
two free hydroxyl groups or an oligomeric or polymeric condensation 
derivative of such polyalcohols. The production of polyacetoacetates, 
"acetoacetylation", may be accomplished by various reaction schemes. 
Some examples are transesterifi cation of alkyl acetoacetates, such as 
methyl, ethyl or t-butyl acetoacetate with polyols or the reaction of 
polyol or polythiol with diketene, or the diketene-acetone adduct 
2 , 2 , 6-tri methyl - 1 , 3-di oxi n-4H-one . Such compounds and synt hesi s 
mechanisms are well known in the art (see for example US-A-3668183 and 
"The Acetoacetyl Functionality: A New Approach to Thermoset Coatings", 
R.J. Clemens, et al.. Proceedings: XVI th Internationa l Conference in 
Organic Coatings Science and Technology , 9-13 July 1990, Athens, 
Greece, page 127 et seq., and "Comparison of Methods for the 
Preparation of Acetoacetyl ated Coating Resins", J.S. Witzeman et al., 
Journal of Coating Technology 62, No. 789, 101 (1990)) and need not be 
further detailed here. 
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Preferably, polyacetoacetates used in the current invention are 
partial or complete acetoacetylation products of (1) monomenc 
polyalcohols having 2 to 6 hydroxyl groups, (2) partial esters of 
polyalcohols with monocarboxyl i c acids (the carboxylic acids having 2 
to 22 and preferably 5 to 18 carbon atoms), the partial esters having 
at least 2 unreacted hydroxyl groups, (3) polymeric condensates having 
at least 2 hydroxyl groups, suitable polymeric condensates being, for 
non-limiting example, polyesters, polyethers and/or polyurethanes 
(see for example, thp r.hemistrv of Organic Film Formers. 
D.H.'solomon, Robert E. Krieger Publishing Co.. 1977) and (4) addition 
polymers containing at least two (2) hydroxyl groups. 

Some examples of monomeric polyalcohols having 2 to 6 hydroxyl groups 
which can be conveniently converted into polyacetoacetates include 
ethylene glycol, diethylene glycol. 1.2-propanediol . 1.4-butanediol . 
1,5-pentanediol, neopentyl glycol. 1.6-hexanediol . 

2- ethyl-2-butyl -propanediol , 2 -methyl propanediol . 

3- methyl-1.5-pentanediol. di-ethylene glycol, triethylene glycol. 
1 4-cyclohexyldimethanol. dipropylene glycol, trimethylol ethane, 
trimethylolpropane, glycerol, di -trimethylol propane, pentaerythritol 
and the like. 

Suitable partial esters of polyalcohols with monocarboxyl i c acids 
containing 2 to 22, preferably 5 to 18 carbon atoms, the partial 
esters having at least 2 unreacted hydroxyl groups, include for 
example the reaction product of a triol. e.g. trimethylolpropane, with 
a monocarboxyl ic acid in a, for example, 1:1 molar ratio Other 
suitable partial esters are the reaction products of a tetrol e.g. 
pentaerythritol, with a monocarboxyl i c acid in. for example, 1:1 or 
1-2 molar ratio. Useful monocarboxyl ic acids are: acetic acid, 
30 hexanoic acid, 2-ethylhexanoic acid, nonaoic acid, 
3.5.5-trimethylhexanoic acid, benzoic acid, oleic acid, linoleic acid 
dehydrated castor oil fatty acid, and the like. It is well known that 



20 



25 



WO 96/37563 



PCT/EP96702276 



6 



esterifi cation of polyalcohols with monocarboxylic acids in a 
stoichiometric excess of the hydroxy! component generally yield a 
mixture of products with different degrees of esterifi cation and 
having different hydroxy 1 functionalities. In addition to single 
alcohols and acids, mixtures of one or both reactants may also be 
used. 

Usually monomeric polyalcohols like tri methyl ol propane, di- 
tri methyl ol propane, pentaerythritol and other alcohols with 3 or more 
hydroxyl groups are partially esterified, however, if desired, 
polymeric preformed polyalcohols such as polyester-, polyether- and 
polyurethane polyols, and addition polymers, all containing 2 or more 
hydroxyl groups can be partially esterified with monocarboxylic acids 
and used as polyacetoacetate precursors. 

Partial monocarboxylic acid esters of polyepoxy compounds represent a 
further group of suitable precursors for polyacetoacetate. 

Polyester polyols having at least 2 hydroxyl groups are suitable 
precursors for preparing polyacetoacetates. Usually the polyester 
polyols are made by the condensation of polyhydric alcohols and 
polycarboxylic acids or anhydrides, with or without the use of a 
monobasic acid, at temperatures at about 150°C to about 260°C and with 
a stoichiometric excess of the alcohol component. Suitable polyesters 
have a number average molecular weight of about 200 to about 5000, a 
hydroxyl number of about 50 to about 500 and a acid number of about 0 
to about 50, preferably from 0 to about 20. Examples of polycarboxylic 
acids and anhydrides suitable for the preparation of polyester polyols 
include succinic acid, adipic acid, azaleic acid, terephthalic acid, 
1,4-cyclohexanedicarboxylic acid, fumaric acid, maleic acid, maleic 
anhydride, hexahydrophthalic anhydride, trimellitic anhydride and the 
like.. Useful polyhydric alcohols (also sometimes referred to as 
"polyalcohols"), are ethylene glycol, diethylene glycol, 
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1,2-propanediol , 1,4-butanediol , 1,5-pentanediol , 1,6-hexanediol , 
1,4-cyclohexanedimethanol, 2 -methyl -1,3-propanediol , neopentyl glycol, 
2-ethyl-2-butyl propanediol , glycerol, trimethylol ethane, 
t ri methyl ol propane , sorbi tol , pent aeryt hri t ol , di -tri methyl ol propane 
and other low molecular polyalcohols. Further classes of suitable 
polyalcohols for the production of polyesterpolyols are the reaction 
products of monomeric polyalcohols with lactones, for example 
epsilon-caprol acton, alkoxylated polyalcohols such as the reaction 
products of glycerol, trimethylol propane, neopentyl gl ycol , water, 
ethylene glycol, Bisphenol A and the like with alkylene oxides, for 
example ethylene oxide, propylene oxide and mixtures thereof. The 
polyalcohols may be replaced partially or completely by mono- or 
polyepoxides e.g. the glycidyl ester of a C9-C11 branched aliphatic 
acid (available as Cardura® E10 from Shell) or di glycidyl ethers based 
on Bisphenol A. Polylactone polyesterpolyols are a next group of 
suitable precursors. These polyols are formed from the reaction of a 
lactone, e.g. epsilon caprolactone, and a polyalcohol, for example, 
those already mentioned above, such as ethylene glycol, 
trimethylol propane, neopentyl glycol, and ethoxylated 
20 trimethylol propane. 

Polyurethanes with at least 2 hydroxyl groups are a further class of 
suitable polyacetoacetate precursors. Preparation of these 
polyurethanes usually involves the reaction of polyisocyanates with a 
stoichiometric excess of a monomeric or polymeric polyalcohols. The 
isocyanate component is selected from n-functional isocyanates wherein 
n is a number ranging from 2 to 5 preferably from 2 to 4 and 
especially from 3 to 4. The isocyanate component may include a single 
such n-functional isocyanate or combinations thereof. 
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As specific examples of suitable n-functional isocyanates may be 
mentioned, for example, diisocyanates such as 1,6-hexane diisocyanate 
(conmercially available, for example, under the trade designation HMD I 
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from Bayer), isophorone diisocyanate (commercially available, for 
example, under the trade designation IPDI from Huels), 
tetramethyl xylene diisocyanate (commercially available, for example, 
under the trade designation m-TMXDI from Cytec), 2-methyl-l,5-pentane 
diisocyanate, 2,2,4-trimethyl-l,6-hexane diisocyanate, 1,12-dodecane 
diisocyanate and methylene bis(4-cyclohexyl isocyanate) (commercially 
available, for example, Desmodur® W from Bayer), and higher functional 
isocyanates such as a biuret of 1,6-hexane diisocyanate (commercially 
available, for example, as Desmodur® N from Bayer), an isocyanurate of 
1,6-hexane diisocyanate (commercially available, for example, as 
Desmodur® N-3390 from Bayer), an isocyanurate of isophorone 
diisocyanate (commercially available, for example, as Desmodur® Z-4370 
from Bayer), a reaction product of tetramethyl xyl ene diisocyanate and 
trimethylol propane (commercially available, for example, as Cythane® 
3160 from Cytec), and a reaction product of one mole of trimethylol 
propane and 3 moles of toluene diisocyante (commercially available, 
for example, as Desmodur® L from Bayer). 

Polyether polyols having at least 2 hydroxyl groups represent a 
further useful group of precursors for polyacetoacetates. 
Poly(oxyalkylene)diols, triols and tetrols are generally preferred. 
Usually this type of polyol is made from the reaction of alkylene 
oxides wherein the alkylene group contains 2-8 carbon atoms with 
monomeric polyalcohols, for example, those already mentioned above, 
such as glycerol, trimethylol propane, pentaerythritol , sorbitol and 
the like, or preformed polymeric polyalcohols containing 2-6 hydroxyl 
groups such as polyester and polylactonepolyols. The reaction products 
of polyepoxides with monoalcohols and/or polyalcohols, preferably 
having 2-6 hydroxyl groups can also be used as polyacetoacetate 
precursors. 

Suitable polyalcohols for the preparation of polyurethane polyols are 
for example the monomeric types already mentioned above, such as 
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ethylene glycol, neopentyl glycol, 6-hexanediol , 1,2-propanediol , 
diethylene glycol, 2-ethyl-2-butyl-l,3-propane diol, trimethylol 
propane, glycerol, di trimethylol propane, pentaerythritol and the 
like. Other suitable polyalcohols are partial esters from polyalcohols 
with monocarboxylic acids. Further usable polyalcohols include for 
example polyesterpolyols and polyetherpolyols, preferably containing 
2-6 hydroxyl groups. Addition polyols having 2-6 hydroxyl may also be 
employed. The preparation of polyurethane polyols is well-known in the 
art. 

Addition polymers having at least 2 hydroxyl groups are a very useful 
class of precursors for polyacetoacetates. Usually these hydroxyl - 
functional compounds are prepared by radical polymerization of 
ethyl enically unsaturated monomers having one or more hydroxyl groups, 
generally in the presence of one or more ethyl enically unsaturated 
comonomers which do not contain hydroxyl groups. A preferred group of 
hydroxyl -functional monomers are the hydroxyalkyl acrylates and 
hydroxyalkyl methacryl ates . Representative monomers include: 
2-hydroxyethyl acrylate, 2-hydroxyethyl methacryl ate, 2-hydoxypropyl 
methacryl ate, 2-hydroxyethyl acrylate, 4-hydroxybutyl acrylate and the 
like. Other useful hydroxy-functional monomers include the reaction 
product from methacryl ic acid or acrylic acid with a monoepoxide, for 
example the glycidylether of a C9-C11 branched aliphatic acid, 
ethoxylated and propoxylated hydroxy-al kyl (meth) acrylates, allyl 
alcohol, and reaction products of hydroxyalkyl (meth) acrylates with 
lactones such as epsilon-caprolactone. 

Suitable non-hydroxyl -functional ethyl enically unsaturated comonomers 
are, for example, the acrylic or methacryl ic esters of monoalcohol 
having 1-18 carbon such as ethyl (meth) acrylate, butyl (meth) acrylate, 
methyl (meth) acrylate, 2-ethyl-hexyl acrylate and the like. Examples of 
other copolymerizable monomers include, for example, methacryl ic acid, 
acrylic acid, glycidyl methacrylate, styrene, vinyl toluene, dibutyl 
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maleate, vinyl acetate, vinyl versatate, allylglycidyl ether, itaconic 
acid, maleic acid and the like. A preferred number average molecular 
weight for addition polyols is about 500 to about 5000. An hydroxyl 
number of about 50 to 300 is preferred for the addition polyol. A 
preferred acid number is about 0 to 50. 

An alternative and very convenient method for the preparation of 
acetoacetate functional addition polymers consists of (co)polymering 
one or more acetoacetate functional ethyl enically unsaturated 
monomers. Preferred acetoacetate functional monomers are the 
acetoacetic acid esters of hydroxyal kyl (meth)acrylates such as 
2-(acetoacetoxy)ethyl methacrylate, 2-(acetoacetoxy)ethyl acrylate, 
2- (acetoacetoxy) propyl methacrylate, 2- (acetoacetoxy) propyl acrylate, 
4-(acetoacetoxy)butyl acrylate and the like, allyl acetoacetate and 
the acetoacetic acid ester of the reaction product of a hydroxyal kyl 
(meth) acrylate with a lactone, or the acetoacetic acid ester of the 
reaction product of (meth) acrylic acid or a hydroxyal kyl 
(meth) acrylate with an alkylene oxide. Usually the acetoacetate 
functional monomers are copolymerized with non-acetoacetate functional 
monomers such as alkyl (meth)acrylates, the alkyl group having 1 to 18 
carbon atoms, hydroxyal kyl (meth)acrylates, styrene, acrylic acid, 
methacrylic acid, maleic anhydride, di butyl fumarate, acrylonitrile, 
acrylamide, vinyl toluene or other ethylenically unsaturated monomers. 
"(Meth) acrylate" is a shorthand indication of both acrylate and 
methacryl ate. 

All above-described polyalcohols are easily acetoacetylated by 
transesterifi cation with alkyl acetoacetates of which the lower alkyl 
acetoacetates, having alkyl groups with 1 to 5 carbon atoms, are 
preferred such as methyl-, ethyl- or t-butyl acetoacetate. Another 
preferred method of acetoacetyl ati on consists of reacting any of the 
mentioned polyalcohols with diketene. Both methods are suitable for 
partial or complete conversion of the hydroxyl groups into 
acetoacetate groups. 
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Preparation of polyacetoacetates are well known in the art and may be 
found, for example, in the above mentioned paper by Witzman et al. 

The polyacetoacetates of the current invention have a number average 
molecular weight (Mn) less than 1000. 

Preferably, the polyacetoacetates used in the current invention have a 
number average molecular weight above 200 and less than 1000 and more 
preferably, about 250 to about 750, and even more preferably about 250 
to about 500. 

The polyacetoacetates of this invention are acetoacetate-functional 
compounds which may be crossl inked via their acetoacetate groups. 
Crossl inkers for these acetoacetate-functional compounds of the 
current invention are well-known. Such crossl inkers are compounds 
having one or more groups capable of crosslinking with acetoacetate 
groups. For some examples, see US-A-3668183, EP-A-199087 and 
EP-A-240083. 

As some examples of crossl inkers for polyacetoacetates herein 
described may be mentioned the following general classes of compounds 
and their derivatives and modifications: polyfunctional amines, 
ketimines, aldi mines, acryloyl and methacryloyl -functional polymers, 
copolymers and mixtures thereof. 



Preferred crossl inkers are blocked primary amino group-containing 
compounds comprising the condensation product of (i) an aldehyde or a 
ketone and (ii) a polyamine having 2 to 6 (preferably 2 to 4) primary 
amino groups and a molecular weight of about 60 to about 1500, most 
preferably about 60 to about 1000. Depending on the ultimately desired 
30 coating characteristics, the ratio of acetoacetate groups in the 
polyacetoacetate group to blocked primary amino groups can be varied. 
The preferred ratio of acetoacetate groups in the polyacetoacetate to 
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blocked .primary amino groups is greater than 1, preferably between 
about 1.1 and about 2, more preferably between about 1.15 and about 
1.5. Such blocked primary amino group-containing compounds are well 
known in the art from, for non-limiting example, EP-A-199087, 
EP-A-240083, US-A-5214086, US-A-4504630, US-A-4503174, US-A-4251597, 
W0-A-94/21738 and US-A-3975251. 

Preferred blocking agents are ketones and aldehydes having 3-10 carbon 
atoms and more preferably having 3-8 carbon atoms. Examples of 
suitable blocking agents include acetone, methyl ethyl ketone, 
methyl isobutyl ketone, diethyl ketone, methylacryl ketone, 
ethylamyl ketone, isobutyraldehyde, hexanaldehyde, heptanaldehyde, 
pentanone, cyclohexanone, isophorone, hydroxycitronellal and decanone. 



Blocked primary amino group-containing compounds preferred for use in 
the current invention include, for example, the ketimines and 
aldi mines prepared from the reaction of a ketone or aldehyde with 
aliphatic, cycloaliphatic or aryl aliphatic amines containing 2 or 
more, preferably 2 to 4, primary amine groups and from 2 to 200 carbon 
atoms. Examples of suitable amines include: ethyl enedi amine, 
propyl enedi amine, butyl enedi amine, pentamethyl enedi amine, 
hexamethyl enedi ami ne , decamethyl enedi ami ne, 
4, 7-di oxadecane-1 , 10-di ami ne , dodecamethyl enedi ami ne, 
4,9-dioxadodecane-l,12-diami ne, 

7-methyl -4 , 10-di oxatri decane-1 , 13-di ami ne , 1 , 2-di ami nodi cycl ohexane , 
1,4-diaminocyclohexane, 4,4'-diaminodicyclohexyl methane, isophorone 
di ami ne , bi s (3-methyl -4-ami nocycl ohexyl )methane, 

2, 2-bis(4-aminocyclohexyl) propane, nitrile tris(ethane) amine, 
bis(3-aminopropyl) methyl amine, 2-amino-l- (methyl ami no) propane, 
3-ami no-1- (cycl ohexyl ami no) propane, N-(2-hydroxyethyl ) ethyl ene 
diamine, 1,4-xylyl enedi amine and 4-ami nomethyl , 1,8-octanedi amine. 
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A particularly preferred group of polyamines that are useful in the 
practice of the present invention can be represented by the following 
structural formula: 

H2N-(R'-NH) n -R-NH 2 

where the groups R and R' can be the same or different and represent 
an alkylene group containing from 2 to 6 and preferably from 2 to 4 
carbon atoms and n is a number from 1 to 6 and preferably from 1 to 3. 
Included in the definition of alkylene group are cycloalkylene groups 
and alkylene groups containing an ether-oxygen atom. Examples of 
representative polyalkylene polyamines include di ethyl enetri amine, 
di propyl enetri amine and di butyl enetri amine. These polyamines have two 
primary amino groups and one secondary amino group. 

Also preferred as crossl inkers for polyacetoacetates are the ketimines 
and aldi mines obtained from the adduct reaction of a partially ketone- 
or aldehyde-blocked polyamine with a mono- or polyfunctional epoxy, 
isocyanate, maleinate, fumarate, acryloyl or methacryloyl compound 
whereby the reacting components are chosen in such a way that the 
adduct contains at least 2 imine groups. 

Preferred polyamines are the above-mentioned amines of the structural 
formula H2N-(R'-NH) n -R-NH 2 wherein n, R and R' are as described above. 
Other preferred polyamines for the formation of adducts have the 
structure R-NH-R'-NH 2 wherein R is an alkyl or alkenyl group 
containing up to 20 carbon atoms and R' is an alkylene group 
containing 2-12 carbon atoms. 

As examples of preferred epoxy compounds may be mentioned the di- or 
polyglycidyl ethers of (cyclo)aliphatic or aromatic hydroxyl compounds 
such as ethylene glycol, butanediol, polypropyleneglycol , Bisphenol-A, 
Bisphenol-F; hydrogenated Bisphenol-A, hydrogenated Bisphenol-F, 
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phenol formaldehyde novolaks, etc. Other suitable epoxy compounds are 
monofunctional glycidyl ethers and glycidyl esters such a 
phenylglycidylether, 2-ethylhexyl glycidyl ether, the glycidylester of a 
C9-C11 branched aliphatic acid (available under the tradename Cardura 
E10 from Shell) and the like. Di glycidyl esters of dicarboxylic acids 
containing for instance 6-24 carbon atoms can also be conveniently 
used. Further examples of suitable epoxy compounds are disclosed in 
EP 0 199 087, US 5,288,802, and EP 240 083. The epoxy resins are known 
to a skilled person and need no further description. 

Examples of suitable isocyanate compounds for the preparation of 
adducts with partially blocked polyamines include aliphatic, 
cycloaliphatic or aromatic mono-, di-, tri- or tetraisocyanates and 
polyisocyanate prepolymers thereof. Preferred isocyanates include 
1,6-hexane di isocyanate, isophorone di isocyanate, tetramethyl xylene 
di i socyanate, 2,2,4-trimethyl -1 ,6-hexane di i socyanate, 1, 12-dodecane 
di isocyanate, methylene bis(4-cyclohexyl isocyanate), 2,4- and 
2,6-toluene diisocyanate, 4,4-diphenylmethane diisocyanate, xylene 
di isocyanate, the biuret of 1,6-hexane diisocyanate, the isocyanurate 
of 1,6-hexane diisocyanate, the isocyanurate of isophorone 
diisocyanate, the uretdione of 1,6-hexane diisocyanate, etc. Other 
preferred isocyanates are the reaction products of diols or triols 
with a stoichiometric excess of di- or tri isocyanate, for example, the 
reaction product of isophorone diisocyanate or 1,6-hexane diisocyanate 
with a diol such as ethylene glycol, 1,2-propanediol and the like or 
with a triol such as trimethylol propane and the reaction product of 
tetramethyl xylene diisocyante with trimethylol propane. Additional 
suitable isocyanates are disclosed in EP-A- 199 087 and EP-A-139 513. 

Examples of suitable acryloyl or methacryloyl include the 
(meth) acrylic acid esters of mono-, di-, tri- or polyvalent hydroxy 1 
compounds such as butanol, 2-ethylhexanol , ethylene glycol, 
neopentyl glycol , 1,6-hexanediol , trimethylol propane, ethoxylated 
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trimethylol propane, di tri methyl ol propane, pentaerythritol , diethylene 
glycol, polypropylene glycol, polyesterdiols and -triols, and 
polyurethanediols and -triols. The reaction products of (meth)arylic 
acid with epoxy compounds e.g. the glycidyl ether of Bisphenol A are 
also suitable for adduct formation with partially blocked polyamines. 

A further group of suitable reaction partners are maleate and fumarate 
compounds such as diethyl maleate, dibutyl fumarate and unsaturated 
polyesters containing one or more maleate or fumarate groups. Suitable 
unsaturated polyesters include, for example, the polycondensation 
product of maleic anhydride with neopentyl glycol. The unsaturated 
polyester resins are well-known in the art and need no further 
description for skilled persons. 

Particularly suitable ketimes are obtained by the reaction of a 
diisocyanate (such as hexamethylene diisocyanate) with a diketimine 
obtained from one mole dialkylene tri amine (such as di propylene 
triamine) and 2 moles ketone, as detailed in EP-A-199087 and 
EP-A-240083. 

In addition to the polyacetoacetate and crossl inker, the binder may 
comprise additional binder components such as isocyanates, epoxides, 
and oxazoli dines. 

The organosi lanes useful in the current invention are of the following 
general formula: 

[Z-(-R-) x -] a -Si-(R') b 
I 

(R") r 



wherei n 
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Z is. an amino group, an ami no-containing group, an epoxy group, an 
epoxy-containing group, a mercapto group, a mercapto- 
containing group, a vinyl group, a vinyl -containing group, an 
isocyanate group, an isocyanate-containing group, an ureido 
group, an urei do-containing group, an imidazole group or an 
imidazole-containing group, 

R is an aliphatic, alicyclic or aromatic group, 

R'is an alkoxy group or al koxyalkoxy group, 

R M is an alkyl group having 1 to about 8 carbon atoms, 

x is 0 to about 20, 

a is 0 to 3, preferably 0 to 2, 

b is 1 to 4, preferably 1 to 3, 

c is 0 to 3, preferably 0 to 2, and 

the sum of a + b + c is 4. 

Typically, R is an alkylene group, e.g. methylene. 

Typically R 1 is a lower alkoxy or al koxyalkoxy , e.g. ethoxy, propoxy, 
isopropoxy, ethoxyethoxy, etc. and, most commonly, methoxy. 

As preferred organosilanes may be mentioned NH 2 (CH2) 3 Si (0CH 3 )3, 
NH 2 CH 2 NH(CH 2 ) 3 Si (0CH 3 ) 3 , CH2(O)CH 2 CH 2 0(CH2)3Si (0CH 3 ) 3 , 
SH(CH 2 ) 3 Si(0CH 3 ) 3 , and mixtures thereof. 

Some organosilanes useful in the current invention are listed below. 
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Aminos] lanes 



10 
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3-Ami nopropy 1 -tri ethoxysi 1 ane 
3-Ami nopropyl -methyl -di ethoxysi 1 ane 
3-Ami nopropyl -trimethoxysi 1 ane 

3-Ami nopropyl -tri s (2-methoxyethoxy- 
ethoxy)silane 

N-Methyl -3-ami nopropyl -trimethoxy- 
si lane 

N-Ami noet hyl -3-ami nopropyl -tri - 
methoxy-silane 

H 2 N(CH 2 ) 2 NH(CH 2 ) 3 Si (CH 3 ) (0CH 3 ) 2 N-Ami noethyl -3-ami nopropyl -methyl - 

dimethoxysilane 

(CH 3 0)3-Si(CH2)3NH(CH 2 )3)Si(0CH 3 )3 N.N-Bis (trimethoxysi lyl propyl )amine 



H 2 N(CH 2 ) 3 Si (0C 2 H 5 )3 
H 2 N(CH 2 ) 3 Si(CH 3 ) (0C 2 H 5 ) 2 
H 2 N(CH 2 )3Si (0CH3>3 
H 2 N(CH 2 ) 3 Si[(0C 2 H 4 ) 2 0CH3)]3 

H 3 C-NH(CH 2 )3Si(0CH 3 )3 

H 2 N(CH 2 ) 2 NH(CH 2 ) 3 Si(0CH 3 ) 3 



20 



Mercaptosi lanes 

HS(CH 2 ) 3 Si (0C 2 H 5 )3 
HS(CH 2 ) 3 Si (0CH 3 ) 3 
HS(CH 2 )3Si(CH 3 )(0CH 3 ) 2 



3-Mercaptopropyl -tri ethoxysi 1 ane 
3-Mercaptopropyl -trimethoxysi 1 ane 
3-Mercaptopropyl -methyl -dimethoxy- 
si 1 ane 



25 



Vinyl si lane 

H 2 C=C(CH 3 (C00(CH 2 ) 3 Si (0CH 3 ) 3 
CH 2 =CHSi(0C 2 H 5 )3 
CH 2 =CHSi (0CH 3 ) 3 
CH 2 =CHSi(0C 2 H 4 0CH 3 ) 3 



3-Methacryl oxypropyl -trimethoxysi 1 ane 

Vinyl tri ethoxysi lane 

Vinyl trimethoxysi lane 

Vi nyl -tri s (2-methoxy-ethoxy) si 1 ane 



30 



Epoxvsi lanes 
0 

/\ 

H 2 C-CH-CH 2 0(CH 2 ) 3 Si(0CH 3 )3 



3-G1 yci dyl oxypropyl -trimethoxysi 1 ane 
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.(CH 2 )2Si(0CH 3 ) 3 



2-(3,4-Epoxycyclohexy1)ethyltri- 
methoxysilane 



Ureidosilane 



10 



15 



20 



25 
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H 2 N-C0-NH(CH 2 ) 3 Si(0C 2 H5) 3 
Imidazolesilane 

H 2 C - N - (CH 2 )3Si(0C2H 5 ) 3 

I I 
H 2 C CH 

\/ 
N 



Isocyanatosilane 



0 = C - N(CH 2 )3Si(0C 2 H5) 3 



3-Urei dopropy 1 -t ri ethoxysi 1 ane 



3,4,5-Di hydroimidazol-l-yl -propyl • 
tri ethoxysi lane 



3-Isocyanatopropyltri ethoxysi lane 



A particularly effective "adhesion-enhancing amount" of organosi lanes 
is about 1 to about 10 weight% based on binder solids, preferably 
about 1.5 to about 5 weight%. 

The coating compositions of the current invention are typically, 
though not necessarily, formulated as well -known "two-pack" systems. 
Thus, in general the organosi lane may be placed with either the 
crosslinker or with the polyacetoacetate. Further, the organosilane 
may be added as a "third component", that is, it may be added 
independently rather than with the crosslinker or polyacetoacetate. 
Independent addition of the organosilane is particularly desirable 
when the organosilane is capable of crosslinking with one of the 
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binder components. Depending on the organosilane used, it may be 
present' as either a "free" additive (that is, unreacted) or it may be 
present in the form of a reaction product with another component of 
the coating composition. 

The coating compositions of this invention may also contain a pigment 
component. The pigment component of this invention may be any of the 
generally well-known pigments or mixtures thereof used in coating 
formulations, as reported, e.g., in Pigment Handbook , T.C. Patton, 
Ed Wiley-lnterscience, New York, 1973. The coating composition 
disclosed herein has been found to be particularly useful for pigment 
components which are substantially chromate-free. Non-limiting 
examples of such substantially chromate-free pigments are barium 
metaborate, zinc phosphate, aluminum triphosphate and mixtures 
thereof. Preferably, the pigment component, if employed, is present 
in a pigment volume concentration of about 10 to about 40. 

Coating compositions of the instant invention have been found to be 
particularly useful as primer coats, especially for aluminum 
substrates. Typically, when the current coating comopositions are 
formulated for use as such primer coats, the above-described 
substantially chromate-free pigments are employed. 

The coating composition generally contains an organic solvent which is 
co^only applied, for instance, in the industrial preparation of 
paint, such as aliphatic or aromatic hydrocarbons, esters, ethers 
alcohols, ketones and ether acetates. However, the amount of solvent 
is typically lower than what is commonly required in that the current 
invention may be formulated as a "high solids" (low solvent coating 
n composition. Such compositions are also referred to a "low VOC 
30 coating compositions. Current "high solids" formulations have a VOC 



15 
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25 



"VOC" 



preferably below 420 g/1 and more preferably below 350 g/1 . 
refers to the "volatile organic content", which is normally expressed 
as grams organic volatiles per liter organic component. 
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The coating composition of the current invention may also contain 
other additives usual for such formulations. A particularly preferred 
additive is a water scavenger, such as a molecular sieve. Other 
typical additives may be, for non-limiting example, dispersing agents, 
for instance, soya lecithin; fillers; reactive diluents; plasticizers; 
levelling agents, for instance, acrylate oligomers; anti -foaming 
agents, for instance, silicone oil; metal salts of organic acids, such 
as cobalt of ethyl hexanoate, dibutyl tin dilaurate; chelating agents; 
rheology control agents, for instance, bentonites, pyrolized silica, 
hydrogenated castor oil derivatives and adducts of a di- or 
triisocyanate and a monoamine; catalysts, such as phosphoric acid, 
phosphoric esters, and carboxylic acids; antioxidants, such as 
substituted phenols; and UV stabilizers, such as, benzophenones, 
triazoles, benzoates and hindered bi pi ridyl amines. 

The coating composition may be applied to the substrate in any 
suitable manner, such as by roller coating, spraying, brushing, flow 
coating, or dipping. It is preferred that the composition is applied 
by spraying. 

Suitable substrates include plastic and metals, such as iron, steel, 
galvanized steel and, as earlier mentioned, the preferred aluminium. 
Prior to applying a coating of the current invention, the surface may 
be prepared in conventional ways, for example, cleaning (with, for 
example, solvent or a water based alkaline cleaner), mechanically 
treating (for example, abrasion) and/or conversion coating 
(phosphorizing, chromating or anodizing). 

A temperature above ambient is not necessary to dry and cure the 
coating compositions disclosed herein; however, heat may be applied. 
Thus, the full range of temperatures, from, for example, about 5°C 
to about 100°C can be used to cure and/or dry the coating compositions 
of this invention. 
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The qurrent invention is further disclosed and explained with 
reference to the following representative, though non-limiting, 
examples. 

EXAMPLES 

The adhesion and corrosion resistance of coating compositions 
according to the current invention were tested as detailed below. 

Preparation of pol vacetoacetates 

The polyacetoacetates used in the following examples were prepared by 
transesterifi cation of the polyols with ethyl acetoacetoacetate or t- 
butyl acetoacetate according to the methods described by Witzeman J.S. 
in Journal of Coating Technology 62, No. 789, 101 (1990). 
The acetoacetate of Test Nos. 5-26 was prepared by acetoacetylation of 
a precondensate from ditrimethylol propane (1 mole) and isononaoic acid 
(0.6 mole) . 

Preparation of ketimine resin 

The ketimine resin used in the following examples is the adduct of 
1,6-hexane diisocyanate (1 mole) with 2 moles of the diketimine from 
di propyl enetri amine and methyl isobutyl ketone. The ketimine resin was 
prepared according to the method described in EP-A-240083, and was 
used in the form of an 85% solution in a mixture of xylene and methyl 
isobutyl ketone. 

Test Nos. 1-4 



Test Nos. 1-4 were conducted as described below. Results are reported 
in Table 1. 
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Experimental Method: Test Nos. 1-4 

The primers for Test Nos. 1 and 3 have a polyacetoacetate/crossl inker 
ratio of 1 and are thus comparative. 

The primers were applied with a spray gun to a dry-layer thickness of 
about 20 to about 30 ym. 



Table 1 reports the results of the following adhesion tests. The 
primers of Test Nos. 1-4 were applied to Alclad 2024T3 substrates 
10 which had been cleaned with Sikkens® B2, a waterbased cleaner for 
coated and uncoated surfaces available from AD Aerospace Finishes VoF, 
Sassenheim, the Netherlands. The coated substrates were aged for one 
week after which a "modified" DIN 53151 cross-hatch method was used 
to test initial adhesion, adhesion after water immersion and adhesion 
15 after immersion in hydraulic oil. In conventional cross-hatch 
adhesions tests, several grids are made wherein each grid has equal 
spacing in both the horizontal and vertical directions, for example, 
in one grid the spacing between the cuts is 0.1 mm in both the 
horizontal and vertical directions, in another grid the spacing is 0.2 
mm, in another the spacing is 0.3 mm, etc. As a modification, the 
adhesion tests reported here were performed by using one grid wherein 
in both the horizontal and vertical directions the spacing between 
cuts was increased by 0.1 mm over the next previous cut; that is, the 
spacing between the first two cuts was 0.1 mm, between the second and 
third cuts was 0.2 mm, between the third and fourth cuts 0.3 mm, etc. 
until a spacing of 1.1 mm was acheived. 
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Primer .Formulation: Test Nos. 1-4 

Parts by weight 

Component Test No. 1 Test No. 2 Test No. 3 Test No. 4 

A. 1.6-hexane- 

diol-di- - - 262 288 

acetoace- 

tate 



B. Trimethyl- 

lol propane- 253 279 
triacetoacetate 



c. 


Ti0 2 1 


202 


202 


202 


202 


D. 


Pigment 2 


12 


12 


12 


12 


E. 


Molecular 












sieve^ 


16 


16 


16 


16 


F. 


Ketimi ne 












Resin 4 


395 


349 


380 


334 


G. 


Butyl ace- 












tate 


122 


142 


128 


148 



1000 1000 1000 1000 

1 Kronos 2310 available from Kronos Inc. 

2 K-White 84 aluminum triphosphate available from Tayca Corp. 

3 Baylith L available from Bayer 

4 Hexamethylene diisocyanate/di propylene triamine/methyl isobutyl 
ketone (respectively 1 mole/2 moles/4 moles). 
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Test Nqs. 5-26 

In Test Nos. 5-26, four (4) different silanes were added, in separate 
tests, to the primer formulation described below. Various si lane 
concentration levels as well as the manner of adding the si lane to the 
coating composition (primer) were also tested. Results are reported 
in Tables 2 and 3. 

Experimental Method: Test Nos. 5-26 

In Test Nos. 5-12, the si lane indicated in Table 2 was premixed with 
trimethylol propane-triacetoacetate to form the Adduct. Components A 
and B were separately prepared then mixed to form a primer. 

In Test Nos. 13-22, the si lane was not premixed. Rather, Component A 
and Component B were prepared. In preparing Component A, trimethylol 
propane-triacetoacetate and the relevant si lane were separately added. 
Components A and B were mixed to form a primer. 

The primers for Test Nos. 21 and 22 contain no silane and are thus 
comparative. They were prepared in the same manner as the primers for 
Test Nos. 5-20, omitting the silane. 

In Test No. 23 the silane was added to Component B. In Test Nos. 
24-26, Component B and the silane were each independently added to 
Component A. 

In all Test Nos. 5-26 the primers were applied by spray gun to a dry- 
layer thickness of about 20 to 25 pm. At spraying viscosity (30-35 s 
ISO-cup 4) the VOC for the primers was 350 g/1. 

Table 2 reports the results of the following adhesion tests. 
Variously aged primers (specifically one day, one week and one month 
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after primer preparation) of Test Nos. 5-26 were applied to Alclad 
2024T3 substrates which had been cleaned with Sikkens®B2. The coated 
substrates were aged for one week, after which the already-described 
modified DIN 53151 cross-hatch method was used to test both initial 
adhesion and wet adhesion after 2 weeks of water immersion. Test 
No. 23 was carried out in a similar fashion, except only wet adhesion 
of a one-day primer was tested. Test Nos. 24-26 were also carried out 
in the manner described for Test Nos. 5-26, except only one-day-aged 
primers were tested. 

Table 3 reports the results of the following adhesion tests. The 
variously aged primers of Test Nos. 5-26 were applied to Alclad 2024T3 
substrates which had been cleaned with Sikkens®B2 and a 
Scotch-Brite®pad. After one day the primers were sprayed over with the 
topcoat Aviox® Finishes available from AD Aerospace Finishes VoF, 
Sassenheim the Netherlands. The coated substrates were aged for one 
week, after which the already described modified DIN 53151 cross-hatch 
method was used to test both initial adhesion and wet adhesion after 2 
weeks of water immersion and DIN 65472 was used to test filiform 
corrosion (FFC) resistance. Test No. 23 was carried ou in a manner 
consistent with Test Nos. 5-22 except the Alclad 2024T3 substrate was 
pretreated first with alkaline cleaning, then with alkaline etching 
and finally with citric acid pickling. Only testing indicated in Table 
3 was performed. Test Nos. 24-26 were carried out in a manner 
consistent with Test Nos. 5-22 except the primers were sprayed with 
Areodur® C21/100 UVR available from AD Aerospace Finishes VoF, 
Sassenheim, the Netherlands. Only testing indicated in Table 3 was 
performed for Test Nos. 24-26. 

In Tables 2 and 3, "Ratio Pol yAc/Crossl inker" means the ratio of 
acetoacetate groups to groups capable of crossl inking with the 
acetoacetate groups. 
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Primer Formulation: Test Nos. 5-22 
Primer Component A 



Parts bv weight 
2% Si lane 5% Si lane 



Mi 11 base (see below) 457 440 

2, 2-ethyl butyl propane diol 1,3- 145 127 
diacetoacetate 

Adduct (see below) 23 56 

Butyl acetate 75 77 



Primer Component B 



Ketimine Resin* 
20 Butyl acetate 



700 700 



238 233.5 
62 66.5 

300 300 



30 
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Mill base: Test Nos. 5-22 Parts by weight 

Di tri methyl ol propane-3.4 acetoacetate/0.6 
Isononaote 
Di spersant^ 
Butyl acetate 
Ti023 

Corrosion resistant pigment 4 
Pigment 5 

Molecular sieve 6 

1000 

Adduct: Test Nos. 5-22 

Trimethylol propane-triacetoacetate 65 

Si lane -i 5 - 

100 

A. Ami nosi lane (Dynosi 1 an® AMEO-T) : 
NH 2 (CH 2 )3Si(0CH 3 )3 

B. Di ami nosi lane (Dynosi lan® DAMO): 
NH 2 CH 2 NH(CH 2 ) 3 Si(0CH 3 ) 3 

C. Epoxysilane: 
CH 2 (0)CHCH 2 0(CH 2 )3Si (0CH 3 ) 3 

D. Mercaptosilane: 
SH(CH 2 ) 3 Si (0CH 3 ) 3 



250 

15 
95 
130 
430 
35 
45 
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Primer-Formulation; Test No. 23 



Primer Component A 

Parts by weight 

Mi 11 base (see below) 586.79 

1,5 pentanediol diacetoacetate 34.68 

Oxazolidine Resin (see below) 12.57 

Silicone oil 7 3.08 

10 

Primer Component B 



15 



20 



25 



Ketimine Resin 1 243.22 
Butyl acetate 104.49 
Si lane CrEpoxysilane: 

CH 2 (0) CHCH 2 0 (CH 2 ) 3Si (0CH 3 ) 3 15.17 
Mi 1 1 base ; Test No. 23 



1,5 pentanediol diacetoacetate 158.68 

Dispersant 2 17.34 

Butyl acetate 35.98 

Ti0 2 3 100.67 

Corrosion resistant pigment 8 153.65 

Pigment 9 49.16 

! , r . 6 60.70 
Molecular Sieve 

Rheology modifier 10 10.41 



30 
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Oxazolidine Resin 

The oxazolidine resin is a copolymer of butyl acryl ate, hydroxypropyl 
acrylate and 2(2'2-pentamethylene-oxazolidine-3'-4b)ethyl 
methacrylate. 



Primer Formulation; Test Nos. 24-26 
Primer Component A 

Parts by weight 

18 19 20 

Millbase (see below) 137.0 137.0 137.0 

Trimethyol propane 9.7 7.5 5.5 
Triacetoacetate 1,5 pentanediol- 

diacetoacetate 24.7 £2.5 20.5 
Primer Component B 

Ketimine Resin 1 .61.0 70.35 77.55 
Si lane 

Silane C.-Expoxysilane: 4.0 4.0 4.0 
CH 2 (0)CHCH 2 0(CH 2 )3Si (0CH 3 ) 3 



30 
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Mi 11 base; Test Nos. 24-26 

Tri methyl ol propane triacetoacetate 150 

Dispersant 2 20 

Butyl acetate I 60 

Ti0 2 3 850 

Pigment 5 90 

Molecular Sieve 100 

1370 

Notes for Test Nos. 5-26 

1 Hexamethylene diisocyanate/di propylene tri ami ne/methyl isobutyl 
ketone (respectively 1 mole/2 moles/4 moles) 

2 Disperbyk 163, a polyurethane-based pigment dispersing agent 
available from Byk Chemie. 

3 Kronos 2310 available from Kronos Inc. 

4 Busan 11M2 barium metaborate available from Buckman Laboratories. 

5 K-White 84 aluminum triphosphate available from Tayca Corporation. 

6 Baylith L available from Bayer. 

7 Byk-344 silicone oil available from Byk Chemie. 

8 Wollastcup 10ES, a calcium silicate available from Nyco. 

9 SZP-391 strontium zinc phosphorsilicate available from Haloa. 

10 Y-25, a rheology modifier available from Rohland-Sud Chemie. 
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Table 1 

5 Adhesion 



10 



15 



20 



Test No. 


1 


2 


3 


4 


Polyacetoacetate/ 
crossl inker ratio 


1 


1.25 


1 


1.25 


VOC in g/1 

at 32" ISO cup 4 


380 


360 


370 


350 


Gel time in hours 


2 


2 


4 


4.5 


Potlife in hours 


.5 


.5 


1 


.5 


Adhesion: 
Initial 


> 1.1 mm 


> 1.1 mm 


> 1.1 mm 


> 1.1 mm 


Adhesion: 
After water 
immersion (1 week. 


> 1.1 mm 


0.8 mm 


> 1.1 mm 


0.3 mm 


Adhesion: 
After hydraulic 
oil immersion 

(1 day at 95»C) 


> 1.1 mm 


0.4 mm 


> 1.1 mm 


0.1 mm 



25 



30 
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Table 2 
Adhesion 















Adhesion 


in mm* 














Initial 


After water-immersion 


Test 
No.. 


Si lane 
cone. 


Ratio 
PolyAc/ 
Cross - 
1 inker 


Si lane 


1 day 


1 week 


1 month 


1 day 


1 week 


1 month 


5 


2% 


1.25 


A 


1.2 


1.2 


1.2 


1.5 


2 


2 


6 


2% 


1.25 


B 


Gelation of the Adduct+ 


7 


2% 


1.25 


C 


0.4 


0.3 


0.3 


0.4 


0.5 


0.4 


8 


2% 


1.25 


D 


0.8 


0.9 


0.9 


1.5 


0.5 


1.5 


9 


5% 


1.25 


A 


1.5 


1.5 


1.5 


0.6 


1.2 


1.2 


10 


5% 


1.25 


8 


Gelation of the Adduct+ 


11 


5% 


1.25 


C 


0.4 


0.8 


0.8 


0.4 


D.3 


0.4 


12 


5% 


1.25 


D 


1.2 


1.5 


1.5 


1.5 


2.0 


2.5 


13 


2% 


1.25 


A 


1.5 


1.5 


1.5 


1.5 


2.5 


1.5 


14 


2% 


1.25 


B 


0.8 


1.5 


1.5 


0.2 


TD 


1.5 ! 


15 


2% 


1.25 


C 


0.7 


0.9 


0.8 


0.3 


0.2 


0.3 


16 


2% 


1.25 


D 


1.5 


1.2 


1.5 


2.0 


2.5 


2.5 


17 


5% 


1.25 


A 


1.5 


1.5 


1.5 


0.4 


2.5 


2.5 


18 


5% 


1.25 


6 


0.8 


1.5 


1.5 


0.3 


TD 


2.5 


19 


5% 


1.25 


C 


1.0 


1.1 


1.1 


1.5 


0.2 


0.3 


20 


5% 


1.25 


0 


1.5 


1.5 


1.5 


2.5 


1.5 


1.5 


21 


0% 


1.25 


None 


2.5 


2.5 


2.5 


TD 


TD 


TD 


22 


0% 


1.25 


None 


2.5 


2.5 


2.5 


TD 


TD 


TD 


23 


1.52 


1.25 


C 


< 1 






< 1 




- 1 


24 


1.53 


1.25 


C 


0.1 






0.2 






25 


1.53 


1.00 


C 


0.2 






0.2 






26 


1,53 


0.83 


C 


0.2 






0.2 







* Below 1.2 indicates partial detachment up to mentioned value. 
1.2 indicates detachment up to 1.1. x 1.1. mm. 

1.5 indicates detachment up to 1.1 x 1.1 mm + up to 50% detachment below 
the tape. 

2.5 indicates detachment up to 1.1 x 1.1 mm + 100% detachment below the 
tape. 

TD indicates total detachment without tape. 
** A,B,C and D defined under "adduct" above. 
+ Crossl inked due to diamino functionality 
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Table 3 
Adhesion and FFC resistance 



Test 
No. 

aaaaai 


Adhesi< 
Initial i 
1 day) 1 week | i month | 

sessssssssssacssassssss' 


jn in mm 
Atte 
1 day | 

sasaaaasi 


r water- 
1 week | 

Bsasasaa 


1 

i rimers ion | 
1 month j 

==bb3B = = =:=* = 


Filif 
Hon z 

cs I 

3=ass=a 


Drm corr 
ontal \ 
L 1 

sBoasasa 


as ion re 

TenT 

CS | 

aess==ss 


si stance * x 
ica 1 

L 

SSSSSSSSSBSS 


5 


0.3 


0.2 


0.3 


0.7 


2.0 


2.0 


53 


4.7 


37 


2.9 


6 






Gelation of the Adduct+ 






7 


0.2 


0.2 


0.2 


0.4 


0.5 


0.4 


91 


5.7 


50 


^ Q 

J.J 


8 


0.4 


0.2 


0.5 


1.2 


0.5 


1.0 


90 


4.9 


56 


1 4 

• -J . *t 


9 


0.4 


0.2 


0.3 


1.0 


1.2 


1.2 


35 


3.8 


33 


? 7 

Cm/ 


10 






Gelation of the Adduct+ 






11 


0.2 


0.3 


0.3 


0.4 


0.3 


0.3 


68 


5.4 


41 


A 1 

4. 1 


12 


0.6 


0.3 


0.6 


1.5 


2.0 


2.0 


82 


5.9 


50 


2.Z 


13 


0.4 


0.3 


0.3 


0.6 


2.5 


2.0 


112 


5.1 


52 


2.5 


14 


0.2 


1.2 


1.0 


0.5 


TO 


2.5 


87 


4.3 


63 


3.0 


15 


0.2 


0.2 


0.2 


0.5 


0.2 


0.3 


55 


2.9 


37 


z.z 


16 


0.4 


0.2 


0.5 


0.6 


2.5 


TD 


88 


6.3 


55 


2.9 


17 


0.5 


0.4 


0.5 


0.8 


2.5 


2.5 


85 


5.2 


43 


2.8 


18 


0.4 


0.8 


0.6 


0.5 


TD 


2.5 


65 


4.1 


44 


2.3 


19 


0.4 


0.3 


0.3 


0.6 


0.2 


0.3 


109 


8.6 


43 


2.1 


20 


0.4 


0.2 


0.5 


1.2 


1.2 


1.5 


104 


8.2 


41 


2.1 


21 


1.2 


1.5 


1.5 


1.5 


TD 


TD 


140 


7.8 


81 


3.0 


22 


1.2 


1.5 


1.5 


1.5 


TD 


TD 


127 


5.3 


65 


3.1 


23 


< 1 






< 1 








2-3 




2-3 


24 


0.2 






0.1 










84.4 


3.0 


25 


0.2 






0.2 










70.5 


2.8 


26 


0.1 






0.1 










68.5 


3.3 



* Same as for Table 2 - 
30 ** CS is "corroded surface" in imf . 

L is "length" (max.) of the filis in ran. 
+ Crossl inked due to diamine functionality. 
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CLAIMS 



1. A coating composition having improved substrate-adhesion, said 
coating composition comprising (a) a polyacetoacetate having 
acetoacetate groups and (b) a crossl inker for said 
polyacetoacetate, said crossl inker having groups capable of 
crossl inking with said acetoacetate groups, characterized in that 
said crossl inker is present in an amount insufficient to crosslink 
all acetoacetate groups of said polyacetoacetate, and that the 
polyacetoacetate has a number average molecular weight less than 
1000. 

2. A coating composition of claim 1 further characterized in that the 
ratio of acetoacetate groups to groups capable of crossl inking 
with said acetoacetate groups is 1.15 to 2. 

3. A coating composition according to any one of the preceeding 
claims wherein a/b is between about 1.25 and 2. 

4. A coating composition according to claim any one of the preceding 
claims further comprising an organosilane. 



5. A coating composition according to claim 4 wherein 



the organosilane is of the following general formula 



[Z-(-R-) x -] a -Si-(R') b 
I 

(R") c 
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[Z-{-R-) x -] a -Si-(R') b 
I 

(R tt L 



wherei n 

Z is an amino group, an ami no-containing group, an epoxy group, an 
epoxy-containing group, a mercapto group, a mercapto- 
containing group, a vinyl group, or a vinyl -containing group, 
an isocyanate group, an isocyanate-containing group, an 
ureido group, an urei do-containing group, an imidazole group 
or an imidazole-containing group, 

R is an aliphatic, ali cyclic or aromatic group, 

R'is an alkoxy group or alkoxyalkoxy group, 

R M is an alkyl group having 1 to about 8 carbon atoms, 

x is 0 to 20, 

a is 0 to 3, 

b is 1 to 4, 

c is 0 to 3, and 



30 



the sum of a + b + c is 4. 



6. A coating composition according to any one of the preceding claims 
4 and 5 comprising a mixture of organosi lanes. 



5 
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7. A coating composition according to claim 5 wherein Z is selected 
from the group consisting of NH 2 , NH 2 CH 2 NH, CH 2 (0)CHCH 2 0, SH, 
H 2 NC0NH, CH 3 NH, and CH 2 = C(CH 3 )C00. 

8. A coating composition according to any one of preceding claims 5-7 
wherein R is selected from the group consisting of alkyl or 
al kenyl . 

9. A coating composition according to any one of the preceeding 
claims 5-8 wherein R' is an alkoxy or alkoxyalkoxy group having 1 
to 10 carbon atoms. 

10. A coating composition according to any one of the preceding claims 
5-9 wherein 

R is CH 2 , 

R'is 0CH 3 or 0C 2 H 5 , 
x is 3, 
a is 1, 
b is 3, and 
c is 0 

11. A coating composition according to any one of the preceding claims 
4-10 wherein said organosilane is selected from the group 
consisting of NH 2 (CH 2 ) 3 Si (0CH 3 ) 3 , NH 2 CH 2 NH(CH 2 ) 3 Si (0CH 3 ) 3 , 
CH 2 (0)CHCH 2 0(CH 2 ) 3 Si(0CH 3 ) 3 , SH(CH 2 ) 3 Si (0CH 3 ) 3 , and mixtures 
thereof. 
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12. A coating composition according to any one of the preceding claims 
wherein said crossl inker is selected from the group amine, 
ketimine, aldimine, acryloyl and methacryloyl functional 
compounds, polymers and copolymers thereof and mixtures thereof. 

13. A coating composition according to any one of the preceding claims 
wherein said crosslinker is a blocked primary amino group- 
containing compound comprising the condensation product of (i) an 
aldehyde or a ketone and (ii) a polyamine having 2 to 6 primary 
amino groups. 

14. A coating composition according to any one of the preceding claims 
further comprising at least one pigment component. 

15. A coating composition according to claim 14 wherein said pigment 
is substantially chromate-free and is present in a pigment volume 
concentration of about 10 to about 40. 

16. A coating composition according to any one of preceding claims 14 
and 15 wherein said pigment is selected from the group barium 
metaborate, zinc phosphate, aluminum phosphate and mixtures 
thereof. 

17. A coating composition according to any one of the preceding 
claims 4-16 wherein said organosilane is present in an 
amount of about 1 to about 10 weight % based on binder solids. 

18. A coating composition according to any one of the preceding claims 
wherein the polyacetoacetate has a number average molecular weight 
between 200 and 750. 



19. A coating composition according to any one of the preceding claims 
further comprising at least one additional binder component, said 
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addj tonal binder component selected from the group consisting of 
isocyanates, epoxides, oxazoli dines and mixtures thereof. 

20. A coating composition according to any one of the preceding claims 
wherein the ratio of acetoacetate groups to groups capable of 
crosslinking said acetoacetate groups is 1.25 to 2. 

21. A coating composition according to any one of the preceding claims 
wherein the coating composition has a VOC below 420 g/1 . 

22. A coating composition according to any one of the preceding claims 
wherein said coating composition is a primer. 

23. Use of a coating composition according to any one of the preceding 
claims to coat a substrate. 

24. Use of a coating composition according to preceding claim 23 
wherein said substrate is aluminium, steel, galvanized steel, or 
plastic. 



20 



25 



30 



INTERNATIONAL SEARCH REPORT 



No 



PCT/EP 96/62276 



. CLASSIFICATION OF SUBJECT MATTER ..„..,„ 

PC 6 C89D5/06 C08G61/12 C08G18/32 



Awcritogto International PttaMMon (IPC) or to hah national daaificanca and IPC 



B. FIELDS SEARCHED 



searched (classification system followed by classification symbols) 

PC 6 C09D C08G C09J C08K 



to the extent that such documents arc indoded in the Adds tcarcbcd 



Bectramc data base cotmilted during ttem^ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of 



with mdieanon, where appropriate, of the 



Relevant to daim No. 



EP,A,0 199 087 (AKZO N.V.) 29 October 1986 
cited in the application 
see claims 1-3,6,7; examples 

EP,A,0 417 824 (STAMI CARBON B.V.) 20 March 
1991 

cited in the application 

see page 3, line 23 - line 27 

see claims 1-7,10; examples II, VI, XI, XII 

GB.A.2 213 157 (NIPPON GOHSEI) 9 August 
1989 

see claims 1-7 

EP,A,0 483 915 (DSM N.V.) 6 May 1992 

see page 3, line 23 - line 29 
see claims 1-4; examples I -I I I 

-/" 



1,12,13 
1,12,13 



1,12,13, 
23,24 



II 



arc listed in the 



of box C 



Patent family 



are listed in i 



• Special categories of cited 

"A* document defining the general state of the art which is not 

c ons idered to be of particular relevance 
TT carikr ^""mrr"* ^ Tn.Mr g fr M - f ™ 1 fttfi'Tnjrtional 



X* document which may dc^ orn^ority djini(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as ipedfied) 

"<r docurnent referring to an oral disclosure, use, exhibition or 
fllhfflr means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



T later dc«urnent published after the international filing date 
^prioritySe and not in conflict with the ara^cahon but 
cited to understand the principle or theory underlying the 
invention 

*X' document of particular relevance; the ri a mvri invention 
cannoiE consul 

involve an inventive step when the document is taken alone 

*Y* document of particular relevance-, ri ^^^J^l^ tfitt 
cannot be cuuudcrcd to involve an invennve itep whenme 
docurnent is a>mbined with one or more other fuch docu- 
ments, such combination being obvious to a person skilled 
in the art- 

document member of the tame patent family 



Date of the actual completion of the international search 

3 September 1996 



Date of mailing of the 



search report 



25.09.96 



Name and mailing address of the ISA 

European Patent Office, PJB. 5818 1 
NL-2280HVRijrwrjk 
Tel. (+ 31-70) 340-2040, TX. 31 631 epori, 
Fax (+31-70) 34O-3016 



Authorized officer 



Engel, S 



Form PCT/1SA/210 <teca*d t±«t) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interns il Application No 

PCT/EP 96/02276 



C(Continuatioo) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GB.A.2 975 995 (ARMSTRONG CORK CO.) 25 
November 1981 

see page 2, line 23 - line 27; claims 
1,13; table 1 

EP,A,Q 483 583 (BAYER AG) 6 May 1992 

see page 4, column 5, line 24 - line 27; 
claims 1,3,4 

EP.A.O 227 454 (COOK PAINT) 1 July 1987 

see page 2, line 16 - line 34; claims 
1,6,16,19; examples 5,11,13-15 



1.12,18, 
23,24 



1-3,12, 
20,23 



1-3,12, 

14,15, 

20,23,24 



Pom PCT/JSA/IIO (mottnutkn at mmt d«n) CJuly IMS) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



I Interna* \1 Application No 



Patent document 
cited in search report 



Publication 
date 



Patent family 


Publication 


men 




date 


AU-B- 


5536786 


02-10-86 


CA-A- 


1268890 


08-05-90 


JP-C- 


1596114 


27-12-90 


JP-B- 


2020677 


10-05-90 


JP-A- 


61252274 


10-11-86 


NO-B- 


175007 


09-05-94 


US-A- 


4772680 


20-09-88 



EP-A-199087 



29-10-86 



EP-A-417824 


20-03-91 


NL-A- 


8902135 


18-03-91 


GB-A-2213157 


09-08-89 


JP-A- 


1178566 


14-07-89 






JP-B- 


7057863 


21-06-95 






DE-A- 


3843421 


13-07-89 






FR-A- 


2625217 


30-06-89 






US-A- 


4987186 


22-01-91 


EP-A-483915 


06-05-92 


NL-A- 


9002380 


01-06-92 


GB-A-2075995 


25-11-81 


N0NE 







EP-A-483583 06-05-92 



DE-A- 


4034279 


30-04-92 


AT-T- 


138404 


15-06-96 


CA-A- 


2053957 


28-04-92 


DE-D- 


59107838 


27-06-96 


ES-T- 


2087945 


01-08-96 


JP-A- 


7062251 


07-03-95 


US-A- 


5242978 


07-09-93 



EP-A-227454 01-07-87 JP-A- 62223204 01-10-87 

US-A- 4804715 14-02-89 



Fan PCT/1SA/210 QnUat bmity nan) (Inly 1992} 



